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(54) DELAY SYNCHRONIZATION CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a DLL circuit capable of an 
accurate delay synchronization operation without increasing the variable 
delay time range of a delay line. 

SOLUTION: In the DLL circuit operated so as to match the phases of 
input signals CLKIN and feedback signals FBCLK for which a DLL is 
constituted of a phase comparator 3, a charge pump 6, an LPF 8 and the 
delay line 9, the phase comparator 3 surely outputs a phase compared 
result for instructing the increase of the delay time of the delay line 9 at 
the time of an initial operation after executing a reset operation and the 
LPF 8 outputs delay adjustment signals S8 for instructing that the delay 
time DT9 by the delay line 9 becomes minimum at the time of reset 
execution. 
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^18 Ll:DLLBft 



(±. SSie^ 1 w*l«)WjiJfi8tffioti)(Dt/il?rffitt/ 

mm^mt. i cDfitittissgisttBiiEii 2 <Dit 

gJ«S*lrS(t, B(lEll2(Oitgf^m;lsffii44^t«iroi:^i[ 

H(ilES¥ ^ D -7 ft^ t BuE^^fffl ^o-y^iS^t (Oit 
ffiHt^S-^t. H5E^2»jtej^*^ai;^1-5^2roffi 

irE^ 2 ro&1BltKg|5(iHfiE 'J ir hff tlr J h leg 40 

»*«ite«wSjii^ffliiK. 

E«(<7)i§i£I^WlB)!go 
Sl5y-ir-7 

i[EffitBll:iiJie«lc§ligLfcft^«r^-::^^'L, mEfiti 
Jtt4M*iSgf!e*l«n<OjliiEl$ra(0|gi)Sr}g*t5«^v^ 50 
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«llEI^»ll4Tn«iai^®(i. *IE 

miE0f^y - Komfi:lc£o't:mEiiji^iaSJffilfS-^S: 
«FEfiffiltl6ife*lcg|iiLfc«#tt:HiFEM^oy - Kro 

(11*961 mmiMm\m^^io>mi:m<ofH 

2»*-|RiSr^;^. 

WEI^Wtt-fn^iJ^^gtt. B5El^^tt-fix«llro*«S 
ttEW^BI5i<f#«rS(t, WEWitBISm-f-A^ejgfrEISl 

A;'3Wj:^1-a5yt-;/ h«^t$P>lcS»t. K^gpy-fe 

i>-f Hd» 1 «lcEa<Oiljil^^lHlK. 

8 1 irEm 1 ©RSI? ji®l$Kf4mE^I?jlS 

^KttSSE^^jljiaiFPBmiirt ©ft:^affi^F^ «r^^v 
ffElll©*-|6»±Sji^K«:liJB$-a:5*l6iSr^tr. i» 

I 7 o 5 *)V^-f 1 ^\:inm(ommm 

WES* ^ D f ^' i: fitlEK^ffl ^ n 3, ^ t «tt 
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[00 0 1] 

^*l^~-(;:t5J:9(cl}gg^faS1-5DLLlHlK (« 
[000 21 

V^^(OWi] mi^\m%(DD'Lh (Delay Locked 

Loop) m^miSLiiTr^tw^mx^hh. mm\c7r.ti. 
bK. mm,^ (PFD) 2^\tmmuy^mx* 

-f) 6{cffl;^t5o 7^-K/<-7^«^FBCLKIi. 
A;^|{t^C L K I N^^ajiiS 9 , }hm\^ 1 7 L 
T#ibix^{i-^T*fet). SM«|9Jli;(^S|5(Hll»l 7$rfi 

(0 0 0 31 ^'r--v^3f?yy^6li7:y7'«-^UPRU5^ 

'>yft-§-DWNl;iS-5t:a;gEl 6>^LPF (d-/^;^^ 
>r/i-i5') 28(ctt*&Lfc«9. LPF2 8;6^ib?l#fel^fc 
^irho mmt.\t7y^{t^\}?t^ "H" Ot#LP 

(;:)<h§LPF8;6>bailSi 6^5I#&<„ 
[0 0 0 4] LPF2 8tj:m»ltI 6S:a^9"L, ^(0^5^ 

(y-KNi(^a{ivi) (c:£^#iijij©9icj(ti- 
^iiJEPSff^S 2 8S:Hi;^1-5o LPF2 8(i^SBy 

[0 0 0 51 9 (tilSPSW^ S 2 8 (O^ff^th 

Wmf^DT^^s A;^m#CLKIN«rilji$-frTa 

^iSlf iJ^ D y >:^ft-^Tfo^ajiA;^3ftf-C LKOUT^ 

liii^9;Ji>«bm;^$tiyb®®A:/j{f^CLK 

<t-^FBCLK;6\ 8 ^(0:^ ^ ^ y ^ftij 

mffi(Di^uy^ tL xmm ^titth \cim\tmi^ 2 3 

[0 0 0 61 ^(DXo^mf&(DDLL^mi Oil. fi^B 
]t|S§§2 3. f--t--^^>'7^6. LPF2 8Xr/aji^ 
9lcJ:oTDLL;d5«^$*x. A;^lfltC LK I Ni:7 

K tmmLtiT-^ DAT A^y^- V^^<y^ 
F B C L KlCg^S^ y y^X^t 5o 
( 0 0 0 7 1 la 1 6 imtSJt^iSI 2 3 (D^aS^fijc^r^t 
yp ;/;5^liT*fc5o {m)^m^2 3 j^Jxitf. rsypo 
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sium on VLSI Circuits Digest of Technical Papers, 9 
4, pp. 129-130] lcB|jn$tlTV>5a ElietC^rJ:^ 

i 0 # e> tlSff ^ i: 7 - hV^ y ^ A;'^ F B <t # Ibtl 

1 0 0 0 8 1 mi)m.U 2 0 Ull^ ny^Xf}CLK\L 
A;^fS^CLK iNSr§it> 7^- K/<^^A;^iFBlc 

10 ;^iiNHB{c^'>ymtDWN$rStt6o liffiJt 

WtU2QD[t^xiy{;X:f}ChK\zy^-Vy'^y^m^ 
FBCLKSrStt. 7>f- hV<5/^'A;^FB(CA:^fi^ 
CLKINS-Stt. >f yttf^y hA;^IINHB(C7 5/y 
{f-^UPS:§lt-5o 
[0 0 0 91 lai 7[lffiffiit6SEg|52 OU (2 0D) (DJh 

-^4 i<DA;'j|ii5^nyi5'A;^CLKlc:gEjK^HS„ - 
ii. %Wdi^^^^i^^M^t^\tXW^\\z?iAOS hyy 
yy^^Ql, NMOS i>7yv>;^^Q2. Q3;65^}f^ 
20 tiSo PMOS h7yi:/;^^QiRi;NMOS h7:^v^ 
;^ ^ Q 3 <D^- h 4 i (omMmm^ 

[0 0 1 01 mM:^^hmm\y^McM'fXM.m^ 
PMOS h7>-v^;^:$'Q4, NMO S h 7 ^^i/:^^' Q 5 
XU^Q6;5^:/^^f ^ttSo ^ifc. NMOS h7yv?;^^Q 
5{c:*fLT3fe?iJi::NMOS K7>'>^;^^Q 7?!i>gil$n 
So PMOS h7:/v^;^^Q4jiu^NM0S hyy^:/;^ 

^Q6^^-h\tm^PMOShyy'y:^^Ql (NM 
OS h7yv>:^^Q2) (OKW yCiS^^Hv NMO 
30 S h7yi>y^ifQ5(D^-ht*^y^-Vy<y^AtiFB 
NM0Shyy'y7s^Q7(D^-hit^y 
t t'y hAt} I NHBtcg^^nSo 
[0 0 1 ll ^CjHi, l:ii;!i^e>S«fe^-<M^;{i^t-tTa:?iJ 
(CPMOS h7^^v^:5^^Q8, NMOS H7:/v^;^^Q 
9RV^QlQf)t^W^tl^o PMOS h7yi^;^^Q8 
RXJ^NMOS hyyi^y^^Ql 0 (D^- h\tm::PMO 
S hyyiy:^^Q4 {NUOS hyyi^y^^^Q5, Q 
7) (DKu-ry|;ijgjifJtL. NMOS h7:^v^;^^Q9 
(7)y- hUPMOs hyyi^7.^Qi<D}^^y^y\ci^m 

40 Jix, PMOS h7yv^7.^?Q8 (NMOShyVv^;^ 
iJ'Qg) (^K^>fy;d5^y/^-^'4 20A:^)Sl-g^ll^^ 
tiSt t t)(cNMOS hyy^y:^^Q20^-h\zmW: 

[00 1 2] ^-tr. 4 2(Dmt)X^'^htl 

[0 0 131 mi sRxj^mi 9\tmi qrv^mi 7t* 
^yvmxh^o mi sizTT^t^oiz.. 7^-K/^7 

iJ'ft^F B C L K(D{iLm-AMt^C L K I N J: i9 an 
50 Tl^^tJ^, ffiffiM:6!tgR2 0U(7)r:y7"fl-^UP*lA;/^ 
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FBCLK»4t,±d5'9B$I^M5fflracp(; "H" tti 
•9, {ifflItl!ES82 0D©y!>>m#DWN(i1^{C "L" 

[0 0 14] Lfc*5oT> (a[«tk$!E{g2 3W7j/7'«^ 
UPSt/y^'VfBf-DWNtt. 7-^-K/^,y:5'ti^FB 
C L K(^tetaSril»i)Sr t IrJi/T^Lfci i: M-tHtzti). 
f^t— :?xKV7'6, LPF2 8tJ;oTjf3ill9lCj;5 

[0 0 1 5j m 9lC^1-i9lC, 7^-K/<S'^'{I-t 10 
FBCLK«)taffi!i5A;^<tf-CLK I NJ:•Jit^•T?V^5 

^-g-. {iZ;tBltlSa52 OD<0^<^?ym^DWN(i7-^-K 
^< 5/ ^' it# F B C L Ki©4*5±;!i5 IT) P, A;'3W^c L 
K I Noa*,±d5i9^(cS^>l8ra4'l- "H" 
1fifctfclll5 2 OUror .yyit-^UPIi^lC "L" irJ^S, 
[00 1 6J LfciiJoT. f4ffiJte!SS2 3roT7 7'ft# 
UPSt/^e'Vft^DWNIi. 7^-K/<;s,^'{b-^FB 

i*. f--^--:^4fy7'6, LPF 2 8(Cj;oTililiil9IC 
J;5aM^FBlDT9a5tiAD-r5J;9f-Sijai$n^>, 20 
[0 0 171 

[^?B;ii5ft|^L<t9t1-55SS] L*>t/j:/!i5f,. ISjfew 
DLLm^r-lirtSiilElKl 7i;:J;5iIffia|rBl(wj;oTA 
:^(S-^CLK I Ni:7^-hV<-7^'ffi^FBCLKt(D 

fim^SI 2 3 ;iMitlSriii6<5 w i ^Jg^t-SJi^gf)* 

[0 018] Lfc/05or. ae5l5WDLL@l»roSjii»9 

(i, A;'jft^CLK I Ni:7-f-K/<.y^'A;'jFBi:ii5 

ISIEIl ('>'i< k tA*(§^CLK I Nroffif-^WT© 
£>M^J5feo^c. ri^(cfiiv^DLLlH]«Sro@Ka«<o^i 

(0 0 191 w-rtSBiHiKi Ticisajiwsiiif^'i' 

Jctiltfcar^On J/ 14-f tlS^|col>-C, B 2 0 S- 

I N t 7 -f - hV<-7 ^'II-^^F B C L K t ®{4ffi^-S:^t 
•frSfcfetC, rt^35Ii!Kl 7lC±5®jiBiraDTl Tig 40 

s^giciigjiefraiDT 9 tto-g-inji^raii^icA 
;/]{t^CLK I H<DmT<Dmmkfmo\^Lx\^ 
^Si»9(0BIS»ji^^ttlaiS/^^^,^^^. rtgum 

Kl 7|Cj;5gJiEI^KDT 1 7*5MlS/£if(D*fl:Tig^ 

[0 0 20] H 2 0 ic^^-r J; ^ rtgiSIUSS i 

ro^tt-aSNfia (DTl 7+DT9) iJS^at O-CkT 50 
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7(Daji^^DT 1 7;45t|J)0UTV^<^|^Sr 

(0 0 2 11 rroil^, 7-f-hV-!y^'ff-^FBCLK 
liA;^{t-^CLKINJ;9'b^ffi>iSllx5fc», DLL 

SKI otta<s?riJ«)5*i6i. ttihhmi&m<r>-m. 

at 1*-CI±, gjg^^DT 1 7Wt83!)DSrgffi«FraDT 
9 cDjg'>-C-ffi 9 r t l;i ± I? •g-fi-gS^FB'! (D T 1 7 + D 
T9) =kTi-lb*). A::^ff-§-CLK I Nt7-<-K>''< 
y (i-^F B C L K i: ^rl^sa ^ -it?) ; t ;55X'# 5, 
(0 02 21 Li^Lfii^h. t 1 ^riifraS^^ 

DTI 7ii^hiz^^<f£^tmmm<r>-^^m^f^ 

aM«l9rogS^KDT9tr*/ha3iltraADTlC 
LTt> (DT 1 7 + DT 9) >kTi:/j:oTtt 5fc 
7^-K/<s';?{ttFBCLK(0fitairji«)5wt 

(::j;oT, A;'3fS^CLK I Ni:7-f- K/<yi'fl*F 

[002 31 n y (IT tvS^SrjW^t 5 l^l^^ti t . 
'mM 9 oSM&^Sr+^^;^% < t 9 > -si^gMlitFfl® 

[0 0 241 r(0i§ig(i±iaPom^^/i?9it5fc*!)i-'i 
$ixfct,©-C, a«ill«priEajil*IBl«HS:it*5-fr5 

(io y^ttTtLS.*«fl->tJS"Ifi'iDLL[HlK5r#5w 

[0 0 2 51 

oy';\t%h(r>'m^^%^'thm&Xh':>x. SSIES 

n ■;, «f-i: taien^ffl p -7 t (otm ^tt 

S5 1 omw&m^mA^iDfH 2 rops^as^rBiicgi 
w^ajiBfrsmffl«r#L.. mm&}&mmn^<o^^^ti> 
mmmx-mis.mmi' n .x^ftf-^aji^-frTaMS!!! 

MSii^ n s/^'m^i5t5IEaJil^«(BlK^<OiIKSrfi» 

m^^m<o b # hsieii 1 on^as^wsrii^i-SBii 
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[0 0 2 6 ] t^^r^2mi<ommmwi»\cii^^ 

mtbfs 1 roiteig* t , m.^ i ©^isi t a^riBiro 

mx'm^tim2<ottm^i:t^. mmttm lo 
stt, mm ^ayi/mii frffiUfiSffl ^ o y ^ fit 

ES* n -7 m t iiEllftffl ^ n ^ {f f - i: 
llcS-^t, B(lE^2<^tt:i!fig||Srai;;'3l-5^2«{iiffi 

IE y -fe •;/ HI t;i5ffitt:t^^(0 i: # , gjfE^ 2 WltlSEife* 
[00 2 7] i^1t. S(*JS3lEtt<Dai8l^»lliKlw43V> 

[0 0 2 81 l»*Jl4temoa56PffllilgSICio<,^ 
T. Ht^l4rtSBt?4fijt$ii-5rtSi5y-fey h 

t, B«E{ilaitt!ci^*;!»s@f^*|6l(Ojl®8fFBl«ti!jil:Ji 30 

[0 0 2 9] S«*«5iettroaSI51»l|5]KIC43V> 

^SrtL. n-/-?;^7^'/u^y y^j&aL-C#f)ti5milE 

[0 0 3 01 sfc, is*«6tettoaMi^»iHi«siw*>iH 
■c, miiEif;t*|inHiflEmi»*iSii:a5ro^2©:)^iPi^ 
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[ 0 0 3 1 ] sfc, mm7mm<om,mm^\ci3\,^ 
as y -ir 7 m^^r $ p, (cstt . s^^sis y * h fs^^sfs 

(0 0 3 21 ttz. m^^smm(ommmmw\mcts\,^ 

[0 0 3 31 r»*?B(-Xi^A>6i»*«9E«fe(Diljil^» 
St. b . WEfttiikfe* JtlJEig* <S|r isif «l 

E{4ffi]ttJ3$*;45^^;^|6)(Dil}£atFHlroSi)Sr}i*1-5 
[0 0 3 4] 

<±m0.>m 1 ttrw^egonifiwjgM i t-*)5 d l 

L (DelayLockedLoop) lllgS<O«^S>*i-R§B0-C*) 

\zmm^ n •>i'<t#-efc.5A;'3{t-^CLK I NiHffiffi 
n y (s ^T-fc 5 7 - K/< 5' ft-f- F B C L K ir W 
{4talrltU LTT 7 T'ft-tU Pfi.tJ«y Vft^DWNS: 
CPeicaiyj-f^, 7-i'-K/<-;/^'fsf-FBCLKtt. 
A^ft^CLK I N;45iiS^9. □ ^' 7 y -^(O^' 
n y ^ iGS^Wf^glilHli^ 1 7 LT#?>itaft^-e 
fc*). iiSiSS9&tJtrtaj|sI«Sl 7Sr€»-rs^^. SMit 

[0 0 3 5] &ftJt$S!SS3tt^?»y-fe3' hft^RSTW 
"L" / "H" icS-rS^m^mWifP/V-ty 

F«1?rl|iP$-fr?)rtS:}g.i^1-5eiSitl8«Sm (T-y7"{f 

■§-up&i;!^!?><i^DWN) «rffl;^1-5. y-fe 
y KA;^tl:«i)f^i:^(Oim«fi{^ii$t). X:fjmc 
LK I Ni:7^'-hV<.;/^r^*^FBCLKt;i5|5]^f5 
ST-y-lrj.hA;^it6fi)f'^ro»®^§(tT. smm9(o 
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[0 0 3 61 i-^-i>^-y:f6ti7 yyin^VPRVfT 
ly-Wff-DWNtciS-^taijitl 6SrLPF8lc:tt*&Lfc 

*). LPF8*^e,§i#SEv>fct)-r5. mm^it7-yy 

ffi^UP© "H" ©i:#LPF8t«gftI 6SrWif&L. 
yi^yft^DWNas "H" ©t§LPF8A>?>««Sl 6 

10 0 3 7] LPF8\mmi6i:mi^L. i<om^f$ 
i, LPFSti^l-SBy-feri' Hf^RST;4S "H" U-<^U 10 

[00 3 8] is^ 9 itaMissm^ s 8 rom^-rs a 

ji^WDT9^>« A;^(t^CLKINSrjiji$*TajE 
UT«srt8|ilHlK 1 7 S:ST»?)tt5 7 ^ - hv< y ^{t# 

FBCLKi4S. =f~-9 7y^lB,^(D9'< ^V^fUUm 
ro^n-y^tLT^fflStLtitlcfimfe^St^-f 20 

[0 0 3 9] rcDip/ilffifeW^lSoJl^SllwDLLlE] 

111. fiffiJtKSa. ?^+--:^4<>7' 

6. LPF8Rtjtaji^9lc:J;o-CDLL*5^ffiK$;h-. 
KMt^CLKl Ni:7^-hV<-;/^'{gf-FBCLKt 

[ 0 0 4 0 ] fcfc' ;J1-g|5 y -fe y MI #R S T ?r "H" 

L. LPF8(±ft/MjiB$FBUDT5r}g*i-SaSPS 30 
m^S8«rLPF8lc:ffl;^1-5, 
[004 1] LfciO^oT. ^ISWJi^flll (DDL LESS 1 

TpI "h" jcLfc^ic «L" mwm^nmmm 

^DT9^*/ha®a#&UDTic??j«iS:£Lfc», as 
H 9 oaJi^FBlD T 9 SrliSD ^^-tirS^lRj-eiiJ.-f aSl^SS 

[0 0 4 2] ^rroifeS:. HffiWJi^liKDDLLlHll^l 1 

(±. ^nwiifwi-ii. aMB#rBiDT9S:M'>^-y:Tas 
i^i^tT9^^?r#a:-r5)ri/j:<aMm9«ni^aji 4o 

Ffll£HSr/h$ < (A;^ff LK I N©ft^^»!TSS 

(0 0 4 3] ;i(DJ:9li. Hlfirofl^fiiroDLLlHlKi 

aii^9tf)giS:?rS£3R(clt«SLT/h^< LTt^U 

fflil)f^^lcjE^|i^£ajil^wii^tA5^Tx.5fc^^). laKflififc 

XV?SSl:;^*ft'MB(c:LfcD L L|i]KSr»5 1 t^st? 

[0 0 4 4] <'m^^^>Wi2\tm^m.^i<r>\hu 
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H:li^fi54U, 4Dl±*ix-eix^'ci5'^'A;/3CLKJ;?i» 
€)n5ft^ 1 7 - K/< •;/ iJ' A;ft F B J: t) # ?>lx5(t^ 
i:<D{4tflllcS':St7y7'ffi^UP. /l>y{t^DWN 

[004 5] fi[ffiitt5ES54Utt^'n-;/^'A*CLK|CA 
;/3ft-tCLK I NlrSlt, 7^-K/<y^'A;'3FBlC7 
^-K/<y^'{t-§-FBCLK5:§lt. ^y^\fyVX1l 

INHBtC;5^i^y(S^DWNSrSlt5. teHtk 

ligii4U(iy-fe-> bA;bRl:lrt, y-fef KA*Riw^|. 

SBy-fe-;' hft^RST^gttSo 

[0046] fiffiJtlSESB4p(l^n-;/^'A;^lCL 
K(C7^-hV<yi'm-^FBCLKSrS»t, 7^-K/< 
5'^'A;'3FB(CA*{f#CLK I NSrglt. ^y\i\fy 

NA:^)I NHB(C7-;/7'(t-§-UPSrSlt5o ^t)!-, ffi 
tatt;«6B4Dtty-fey hA;^RSr^L. y-fes/hA:^R 

[004 7] l|3li&titttiS84U (4D) OrtSiSfllfijc 
«r*1-|HlKI§t?fc5, I^EIlc^l- J; 5 1', NMO S h 7 

>v;^^'Ql liiSNMOS h7>i^^^Q5S.0«Q7(C 

>*LT»JlcS^$n, NMOS \-yy'y7.9Q \ i<n 

\m 1 7 -C^ UfcS£3l5®ifi[fBlkt!E68 2 0 U ( 2 0 D) t 

10 0 4 8] |g4^iO!|il5ll. |g2R0!|a3-C'/T^Lfc1S 
»Sro€L«lt«[S3 ici Sfit«tt«irf^Sr,T^l-^'r ? ^^^^ 

ST'fc?). ia4liA;'jft-tCLKIN|CjlttT7-f-K 
/<5'^'(i^FBCLK(D(itad5#-V>®^. ia5(iA;^« 
f-C L K I N»::Jt 7 ^ - hV^ ft^F B C L K(0 
fiffi;45gv>*^(7)flf^^*LTV^5„ St, li4S.Ot|21 
5tfcV^T, EVLttfi:tBlt|fegB4U (4D) (OPMO 
S h7yv';^^'Ql(0KMy||iS, U UiPMOSf 

7>-:^;^;?Q4roH>'i' ymii ^tfttSo 
[0 0 4 9] VXY. mA\Z7rit9 ^ iym\'^^\'^XWi 
fi1fJteaJ4Doyir:y hA;(:R(i "L" IS^ 
wfcfe, ^SiJy-t-7 hfi-^-RSTro "H" . "L" |;:Bfl 

FpI. y-J'yft^DWNNtLT "H" SrW^ti. 
[0 05 0] ffiffiJtSgp 4 U(± y -t •;/ K^Fb^ 

asy-fey Kt-g-RSTft^iS "H" <0»Fb1) tt^llNMO 

fi^ltif). TyT-ft^UPd? "H" i:/i5«F^lill«W 
l-#ftL/j:</j:5, ^-LT. :?^a5y•fe->' Ht-§-RST;6S 
"L" t/SoXy-fey h*S»^^?tlfc'#t, ffitSJtgflfB 
4Uro'f>'tfy t«A;'jI NHBIC "H" ro^^^'Wi^ 

"H" i/iSMB3(lllS6<)l-ffffi t'tv^i 9lc:«iJ«i$n 
5. 
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10 0 5 1 ] mms^tTT^tt^^ i>mm^r>\'x^ 
[0 0 5 2] 'j-tyhmm^. m^mn4D\tv± 

K04t±;6S 19 A;^l{t#C L K 1 NOHh^t^ ^ 
^i^X\zmtmm\^ "H" co^^i7y«-^DWNSrttl 

NHBIC "H" (D^^y\m'DWNm4^^tl^:it\Z 
[0 0 5 31 lll4JlI>*il5T*ll. imitm^3(D 

"H" i:/j:S«F«1(lllK6^l^li#^tL/j:iv 
[0 0 5 4] A;^ft-^CLKINt7^- 
Kv< y ^ A;^ F B <7)f4t@Mff>;ii5 J: 9 ^^m^^Xh. 
y-fe^/ Htt^tSlff^li^^-K/'^yi^'ft^FBCLKO 
4-^±35S !9 m-hAtimc L K I N(^4t,±;i5 (9 

[0 0 5 5J t/.^i^'^, &m$iS3ji. u-t^/hifilt 

*tT^ (lie:>T 7 ^ K/>' :y ^ (f ^ F B C L K Offitg 
h'^6:it ififrs-r ^Ty T^m^U PW¥^ Ml^D 

^n^f--r-v^^>7'6, LPF 2 8l;:ioTlSji9 

10056] <LPF (p-/<;^7><yu^) . iijiji> 
(l|6(iLPF8(7)l^giJ^fi£^^t[Hl5&|l!T'fc6o I^IIK- 

Tffy y 6 (Oai;^a5;i?ffiStR 1 LT / - KN 1 Icfi^jgg 
*n^o *fc> l;2S;6^55/^KNllc:;5^[tTPMOS h 
7 y i^x^ Q 2 1 ;RU^ h 7 v;^ 7 r y-- h 5 0 ^ 
tl. PMOS h7^^v^X^?Q2 KDy-htiKWyld 
^i^^^l. h7>':^77y- h 5 OONMOS^y^-hfi 
^1^S|5yir7 hfl^RSTSrStt. h7>;^77y-h5 
0 PMO S h It-r y/<-^ 4 9 S:^ LT^#ibiX'5 

[0 0 5 7] m SifiU^yUFpllC, PM0Sh7Vi^ 

;^^Q23, NMOS K7:/v^;^^Q2 5S.IJ^}gfelR2 

;6^il[?«J(c^#^ti^<b tic, PMOS h7y>^;^^Q2 
4. NMOS h7Vv:^^'Q2 6S.t/ffieiR3;55l:9IJ(C 
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[0 0 5 8] PMOS h7yv'";^^Q2 30Kl/'Y>'. 
y-htt^iigiec^ix. PMOS h7>v^7.^Q2 3. 
Q2 4tt'y-h;55^iia3Bg^n5o NM0Sh7>>^:^ 
^^0 2 5<^^^-btt/-KNllcgJ^^?tl. NMOSh 

[0 0 5 9] ^LT, PMOS h 7 Vv^/^^'Q 2 3 
-hct'9^?>n5^SmjEVP. XO^NMOS Vyy'y 
10 ^i$'Q2 6O>>'-hJ:0#?>*vSi9SSEVNSraji^ 
fifths 8 t tXiijiji9lcffl;f}f 5, 

[0 0 6 0] n 7 jiajiiei 9 (n^nm^^^TT^^-tmrnx 

h1tmWM^(r>^>^<-ffUGi. G2, 

^h. ^yy<-'}fUGi, G2, ■••(i-tHmpSlffi 

VP. VNlcJ:oT#^a)ff^fifl|ilji^K:dsaS$ti 

[0 0 6 1] ^w<-^'giSGi, 0 2, -tt-en-t'iii; 

20 :^^Q3 1, Q3 2&t;NMOS h7>'v^;^^Q3 3, 
Q3 4;&>P>1ft)^fcStb^e 

[0 0 6 2] y/^-iJ^ao 1 l;i*5V>T. PMO Shy 
>v^;^^Q3 l(7)y-h(j;ilSSaEVP^§lt. PMO 
S hyy\/7.^Q3 2Rt;NM0S Vyy^y^^QSS 
<Dy-h^tAt){B^-CLKlN^^mK^\ts NMOS 
h 7 y v^;^ Q 3 4 (D'J^" htiliSl;/±VNSrSi1--5o 

[0 0 6 3] ^y/<-^'S5G2l::t5V^T. PM0Sh7 
>v^x^Q3 l(7)>y-hfj:iSSajEVP^S(t. PMO 
S hyyiy:^^Q3 2S.U^NM0S hy^i^y^^QSS 
30 (D^-hit4yy<-i^^Gl<DlbMS^' (PM0S|>7 
>i>:^^Q3 2a)Vu^yXV}^^tim^) 
Sit. NMOS hyyiy7.^Q3 4(0^- h\tm&nB 

[0 0 6 4] |^«(;:, ^y/<"^'aSG2<7)SS<^>f w< 
-iJ'giSlci^oVNT. PMOS hyy'yy^^QS l<D^-h 
(i^»l:J±VPS:S»t. PMOS h7>^v^>^^'Q3 2& 

u^NMos h7yv^;^^Q3 3(^y-MiH(fS(^>f y/< 

-^SBG l(7)ffl;^/{ttSr*aicStt. NMOS hy^v 
x^Q3 4(Dy-h(i^SaidEVN«rStt-5o tLT. 
40 ft«l®O><y/<-^6l5(0ffi;fj;65iijiA;'jft-tCLK0U 

[0 0 6 5] g.T. mex^-LtzLPF somm^^^^ 
xms<D^yy^0mLxmt^o ^ajy-feyhfi-t 
RST;6s "H" (Ot^, hyy^y 7 h 5 ot^ty 

PMOS h7yv^;^^'Q2 l(7)BI{iSaEVTHP«:IIL5l 

v^fcSji (VDD-VTHP) \z^^-i;^7yy^^ti^o r 

til::J:^9. NMOS h7>>^;^^Q2 5;0^'?i<7l-y't;5 
PMOS hyyi^7.^Q23(D^-hl^nhh 
50 SI8SSI±VP(ift{SU'^yHcT;4St). NMOS h7V 
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■:?;^^'Q 2 6«y- K J; *J#P,il5^S«|lVNttftiS 

[0 0 6 6] ^iDie*^ ia7-e^Lfc«^rojiffi«l9(D 
^'l'y/<-^'l35(ifctt5PMOS hyVv'^^^'QS 1^ 
VNMOS h7yi>:^i'Q3 4ft9ch^<:i-yLM^iz(0 

i ^IS^FbId T 9 ny -fe 7 hMlfflT 1 ticft/Mi 

[006 7] y-ty hfll^^tt, LPF8C0h7Vy^7 
7y-h5 0;!|5;l-7<^{ii/il5, {i1ilt|!53g3(47^- 10 

57 yrffi-^U PSO=^^!>Mf ^DWN«rtB;/]t5)t 
fe. ^^-i>yi'>y:f6{tW.mi KN l*>f)5l< 

100 6 8] LfcdSoT, iiji^Sffi^S8(Ct51t5P 
l[ajEVP|±±#L, WSl|)EVNI±T|i*t5fc>6. @ 

8lr/Tti5l-, l@ii9(Oji3iB|FBlDT9(±, 

F^DT9;45d tWtt. A;^{t#CLK I Ni:7>f-K 20 
[006 91 roipld, »!60}g{gl(DDLL|HlKl 
^ 9 (O&mf^fH D T 9 S^ft/J^ilji^^B^ A D T iCl^O^gi:^ 
i^KaSlS-i'v^<-^'G 1. G2, -©^|!)|g;^)as:*c|t 

[0 0 7 01 <<lliS(0Jg{i2>> 30 
< ±#m^ > H 9 (1 r 2 T'fe 5 D L 

LBSSl 2W«fiKSr*1-SSiigia-e*)5, R0lc*-t-J:5 

(c« femiS^3(±i*igsy-fe,y hft^i Rsro "L" / 

"H" izm^^m^mwsi^/v±y mitmiVfi:n 

[0 0 7 1] LPFSiittiSi eSrHJ^L, '^(om^^^ 

5„ LPF8(4rtg|5y-t.y RS;65 "H" U'</U 40 

j^ii 9 (c: J: ^i!jgl^|ffl;isft/J^|c/j:^aMf||j|M#s 8 ^ 

[00 7 2] n yi; iithn'&m^ 1 3 ^i^Mm^m^ 

mfltS8 0RV^t.Spy-fe5' hft^RSTSrSlt, rtSP 
n 5/ ^' tt-f tl*IJ^IilliS 1 3 (i, L P F 8 (D^nWjm^ 

tarns s o\zm<5^mmt-rh9.$iotmmL, 

mM^trti^m^^iii-r^t. f^ifsy-fey hffl^i Rs 

^ "H" /^i' j'f'fitSWIrSteS-fr 50 
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[00 7 3] P ^ ll-f ixfl^lHlK 1 3 tt> ll»ltt-f it 

a*Sr*^UiLTk^/j;i,^^^ffil$(irtesy-fe-;' hftt I RS 
"L" izti t thiCT.^ 'y^iS^SWmtE<Dm 
SSItlttSo ns/i'»i-fJi*J^lfllKl 3l±^giJ 

y-fes-hft-^RST*? "H" <Dt^mmmzm})±'y 

hftti RSi^ "H" mt-So 

[0 0 7 4] ;=^l'-;/f-(H]^l aii^'Ty^^f^SWW 

"H" / "L" Icm-i^AMM^CLK I NS:KI5/* 

teO«fi£St>'«iltBi^4f ttHJfiiOJgli 1 OD L LiHiK 1 

1 tmi^X'hi), 

[0 0 7 51 *fc, mm^^mmmt. ^sisy 

*y hW^RSTlcS#^xTrtS|5y-fe-y hft-tl RS 

[0 0 7 6] LFFSrortlSiSfiKt. f^m±-y 

H(t#R S Tlc:a#ft;tTl^g|5y -fe f Kf-^ I R SiSA 
ig6T-^Lfc|llSOJ^ffi.l(OLPF8 

irl^^T-fc?). fcfc'L, lll6o«fi!c(0y-KNi(0fl;{4 
V 1 Sr3tJlfem*tl^aifttS 8 0 t LXuy^lt-ftin 
^mKl 3lc4x.Tl^.5. 

[0 0 7 7] sfc. mm9<o(>^mmt. mi-r^^L 

[0 0 7 8] ^(Oi:ofm^(On&(DBm2(ODLL^ 

6> LPF8. ;^'(' y^lHlggl 6XUfaffill9lCj;oT 
DLL;55^fife$iX, A;/]fS-tCLK I Ni^^-K/^'./ 
i'ffi-^F B C L K I N t (OffitBAS-ai-S J; p ICf^ffli" 

[00 7 9] ytfc'L. I^^asy-fey hffi^I RS;45 "H" 
(^t* (^Sl5y-fe-;/Hf^RSTi5 «H" , xi y^\%-f 

US 3 liffita ^Srl h^hz.h ^m^^i-^r V f\t^\i P 
&U«^^!:'y{t-^DWNSrtt);/3L, L P F 8 ttft/hgji^ 
Fa A D T Srlt^t SifjiiSSft^ S 8 Sr»jil| 9 »cai:/j 

[0 0 8 01 LfciiSoT. DLLlHlKl2l4, *]Milf^ 
^ICIi^l-SRy-fes/ N(t^RST«:Elf^«Ffl "H" IcLfc 
^1^ "L" iC-fiili, |^g|5y-fe-7 hft^I RS^5 "H" 
i 'i:5fcto. ilJii^ 9 wgM^FfllD T 9 i^rft/hilJi^Fa 
ADT(C?|]ffl|a:!tLfc«, Sjil$raDT9*lSJn$-fr2) 

[00 8 1] ^(bm^^ ^JSCiff^ffi2(DDLL[HlgSl 2 

l±. Wk<r>WM\W^. j!iiB|ftlDT9Sr^'>$-a:5* 
|S] l:%Itt 5 r t < Ijg^ 9 <7) pT^jH^lTOH SriS: 
St5rtlc:j;i9> iijg«9CipJ^iiji^FBmffl*/h$ 

[008 21 < n y ^'lt-ftlW€llK>ia 1 0 l±n •> ^ 



(9) 

IS 

li-ftLWSlHl!»l 3«l*3g8«^S:^1-|plKliI-efo5o 1^ 
ffi«jaHI^S8 0 (LPF8Wy-KNlC0t&Vl) 

5 1 5rlti:'jt5« miSlEVDD. g^»U'</umiC»StR 
11. Rl 2A5iS?iJ|::Si^$H. ffittlRl 1, Rl2(c: 
<fccTlgjn^|i)LT#f>4x5SfitRl 1, Rl 2ffl©l 
EEiiSltlJlflEVRtiiS. 
[0 0 8 3] ttKSEVRIiji^^Ciy-KNKOmffi 

VI J:t)ffi<, f^t-v'jJ^VT'eicisijiSi erolfj lo 
#tm<oy - KN 1 roSttv 1 J: tH6< /£S J: 5 icKjg 

a;fiVir-S)5 (VDD-VTHP) S:#i:LT, VR = 
(VDD-VTHP) +« (>0) IdtS^SJxS, 
10 0 8 4] D7y yyyu-yfs 2 ~ 5 4 ;JSiS?i)tg 
D7!;:y>^7Ps'7'5 2(4DA;^(CJtlSi^*<t 
^SSlSrSlt, D7y 5/^70 5/y5 2~5 4roQffi 
:/3{i^S5 2~S5 4(4ANDy-h5 9lcA;^$*t 

bf£^, tf£t>h. «^<t-^S5 9/45 «H" (Oil^a-y 20 

[0 0 8 5] D7y-;/7'7D-7 7'5 5l4^'P5'^A;^IC 
WSft-^S 5 9lrSlt. Qai;^*WV/<-^'6 0?::frL 
TDA:^l-«&)I1-5. D7!; y7'7os/7'5 5©Qai;^) 
If 7. ^' 5/ ^ff ^ S W 1 7t 5 „ 

(0 0 8 61 5^^§S6 4(±A;'3fi^CLK I N«: 
Stt, A:^(f^CLK I N©)i)KaSrl/2|c:^)-^LT 

j^MAMt^WC L K I N Srffl;']t -So 

[0 0 8 71 D7y •;/7'7D ^yT'S ett^ny^'A^t 

5)'JiA;^m-^wcLK I NSrStt. DA;'jlc:W^ff-^s 30 

5 9 S:§:t-t?)o ANoy- h 6 1 (4-:^A;'3lcW£ft^ 

S5 9irStt. (tLljAtHZD^'J ■7 7°7o ■7 7'5 6WQ 

tll;'3<0Sfi(t-^Sr§:tt?.„ OR-f- h 6 2(±-:^A;/jic 
ANDy-h6 iroa);^;m^S6 l^Slt. ft!i:(?A;^li 
^gtDir^ HttRST$rSlt-5„ 
[0 0 8 8] S-«(0^'D->-^'A;^)(-7-f-K/<5'^'{t-§- 
FBCLK**llc:Slt5D7y 5/7'7a.;/y5 7. 5 
8llS?iJlCiSlji$tl5„ -^-LT. D7y .x7'7P77'5 
7CiDA;^l±ORy-h6 2coffi;/]fS-§-«:Slt5, * 
fc. D7!; •;/7'7Bs'7'5 2~5 8-eH^ixrol)-fe:x h 40 
A;'3RlC;^gi5yir-;/ Kd-^R S T^s*ii(C#4$^^S„ 
[0 0 8 91 OR^y-he 3l±-;^A:^lwOR^-h6 
2(Dffl;'3(i^«:Sit. te*A;'jlcD7!J 5':/7Dy7'5 
8(0Qffi;/]ft^^Slt5„ ^LT, OR-^-'-hesroffl 
;/]ffi-^;i5rtSlS y -ir •;/ hm-^ I R S i /is. 
[00 90] Hi lit. miOX'Tjkltcoyi^ti-fix^ 

/ilT-fc?), WT> lai 1 $r#fiP.LTn-;,i'|4-fnW^ 
iHlKl 3<D|^y-1r-y WSBy-fe-;- hffi^RSTz)5 
"L" ) fcJ3tt5l!l{^^ift?^1-5. 50 
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(0 0 9 11 feffiiklSEggSiJ^ 7^-K/<s'^(|-^FB 
C L KWfiffi^iiftS r i: Sr^g^t•57 77*(t-tU PS 

Itra D T 9 t'J>iljiB#PB^ A D T IcKlca t T V ^ 5« 
^, 7-f-K/-5y^ft#FBCLKIN%A^m-f-CL 
KIN|C|^Jfl$-fr<Sri:l4■C•t'iV^ (@2 0©l$SJt 1 

(0 0 9 21 wO^^. f^^-v^Jl^yT'ettfljftl 6Sr 
L p F 8 lciiSij^^&-f 5 ►) , y - KN 1 omffiv 
l(±Jb#U B#*Jt 1 IX-mmEEVRmx-it, = 
y/^W-^ 5 1 (DitWtf^^fS^S 5 1 11 "L" 

"H" (c^<ki-?,. 

(0 0 9 31 fi[ffilt«SS3(47^-K/^-y^'{f§- 
F B C L K©fi[tB?rjl*5 r i: 5rft^ Li^tt 5 fctof-^ 

Vl>VR(^4^fl||±Jtj$$H5fcto, 8#^Jt 1 l^t^^ 
JiA;^fif-WCLK I N;45 "h" \ZiLh±*''i>^M t 1 

2. tl3. t 1 4Slc:D7y 5/:/7ns'7'5 2, 5 

3. 5 4(±liJ!>: "H" i:y-yi-r^. 

(0 0 9 41 -ero^*, ^^Jt 14f, Q{il;/3m-tS5 
2~S5 4!JS^T "H° tJioTAND-y- h5 9rota 
tlX-h^nms^SSSii "L" "H" {cmtth 
fcto. D7!J s'7'7ny7'5 SroQai;^^^^;^-^ 

[0 0 9 5] I^^IC, ANDy-b6 l(Diiitlit^S6 
Hi "L" *»e> "H" icmtt^tOi). Via 

#1 Rsfc "L" 3j»t, "H" lc^^^:L■c(^^aiy■feJ' 

(0 0 9 61 ?>:(-5>jaA;'j«f-WC L K I N;!|5 "H" 
>Z;*>±;!)S5^SiJt 1 5(C, D7y ■;/7'7D:y7'5 6Ji 
"H" ro!pJ>£lIf-S5 9S:7S'f-LAND-{'-|>6 lO 

mxM^ "H" A^f, "L" i^tsfc*, m^mse 

1(± "H" !4>t> "L" 

(0 0 9 71 "L" ©ttl;»jfi#S6 lIlOR^y-he 2 

S::^^LTD7y s/r7n-y7'5 7 <DDAtl\^^^hhi, 
fc*. ^^t 1 5|Jl^lwtJ(t'5 2lHlB©7-c-hV-«y^' 
mf-FBCLK04*,±;4Sl9^*Jt 1 6ICD7y s/7'7 
OS'7'5 8IC "L" ii^yy^^iX, ORy-h6 3rotti 
m^X'hi>fH%D±y hfl^I RSzls "L" (Cit,T 

[0 0 9 8] ^(Ot^lZ^ Dy^tt-fixWSlHl^l 314 
^+-v'7)fy7'6lCj:5«tI 6WlfJlgSft^i^tffi;i|S 
Wi^MNl ('> /i < i: t ^J'^ A;'3fl-^w c L K I N o 2 1 

^-hm-^tzt^K^ W^ft*S5 9Sr "H" (CLTny 
:?{4m«^ffii!HJSt5, 

[0 0 9 9] -etx, "H" roW^ft^ss 9Jj:J;oT 

if-tlRS^r "H" ICLTI^Slsy-fey hi^tllCtS. f£ 
*3, ^1-ajy-feyMl# (^l-gpy-fey hft^RSTiOS 
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"H" ) W^ft-^S 5 9(7) "H" , "L" \cm^^ 

/.^<. 0Ry-h 6 2, 6 3|CioTrta5y-fe-7 Kf^ 

[0 1 OOl ^(D^*. DLLlElJSl 2\t. r2y^\t-r 

hmn&m\c{t\^m± y m ^ i r s;^^^}^,^^^ 

[0 10 1] <:^-( y'^mi&>mi 2\t>^^ y^m^i 
yy<-^ 7 1-73 immzmm^h. ^ 7 

i<0A;'3(iA;^?{f-^CLK I N$rS(t, ^y^<-^7 3 

[0 1 0 21 Sfc, ^yy<-^7 i(DmtJ\thyy:^y 

4y^<-^7 7<oititi\thyy:^77V-h7 Si: 
^LT/-KN2lCg^M$H'5. 

[0103] h7y:^y7^-h7 4^PU0sy-v 

Rnhyyy^y7y-h7 8(^NM0Sy- f>lC(iy^^ 20 
5/f-ft#SW;6Mi--^$*L, h7>;^77y-h7 4(7)N 
MOSy- hRt^hyyx^ry- h 7 SOPMOSy 

tl^o itc. h7VA77y- h 7 ec^NMOSy- h 

[0 10 4] /- KN2(i^y/<-^ 7 5(^A;^;lc^jgc 

^W<--^7 5(Ottl;^l{l^j5m-^Sl 6<bLTii 

[0 10 5] ^(^ipTili^tT)^^^ :y^[elgSl 6li, ;^ 

4 7)5:^-7 t h7>;^7ry- h 7 8;55;^-y-f -5/cii5s A 
tiit^C L K I NOSeit^Sr-Y 7 5;5^e)tU:^ 

U yi'it'^SWi^^ "L" Otfr, N7V;^77y 
-h7 4, 7 bt^^n^iity, tyi-^tcib. At}iB 

^CLK I N<7)#5fem-^W 7 5;!i^?>ffl;^-f 

So 

[ 0 1 0 6 ] ig 1 3 liX^ y ^(HlSg 1 6 (Oiif^Sr/Tt^' 
^ ^ y /lIlTfcSo l^mt-^-fi: 9 t 2 1 ic;^ 40 

RteSr h y :at LX\Xim%S 1 6 tElctSo 

5teLycffi;^<I-^S 1 6;55^ji^9. rtg|5lHjgSl 7 
^SfcBlf^J t 2 2J[^JiP$(07^-hV^-/iJ^{fi^FBCLK 

[0 10 7] A;^lfl^CLKI N(::>ttLTA 

^rflliiixTl/ ^fc 7 ^ - KV< 7 i> <f -^-F B C L K(7){it8;65 
iS?{CBtPBnB (=T/2-TA) iitPw<h/£5o root 
ny^TK-ry Mlj^^^TT/2J£Jl(^^/^^, 

[0 108] Lfcj^^oT. rtSiSy-ir^/ Kf-^I RSS: 50 



mmW-l 1 -2 0 5 1 0 2 
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CLKINt7^-K/<7^ff-^FBCLKiS:ja-^;6^ 

[0 109] *ib\ 01 3|c^1-J:9lc. 7-<-K/<5/ 

7^7Dyy5 7. 5 8trJ;o-C7^-NV<2/^m-^FB 
CLK(7)2i^^^/U»rilirtgpy-fe7 hfl^I RS;65 

[0 110] ^<r>^o\Z^ ||J6Ofl0S2(7)DLL|Ellf&l 
2|;:^3*tSP';'i^li-f*iW^[Ell?Sl 3Jtt>*;^^ :yf-lE]»& 
1 6 li. 0 5/ ^ ll-rnS.ftB*lC7 - 5/ iJ^ft^F B 

LK I N<b7>r-K/<';/^ft^FBCLKi:0&tt^S: 

ct 5 p :y ^ *i-f ixa*;&54 ZX tiS^^Mcff o y ^ 

[0 111] <D7y 5/7^7 D^;/7'>|ill 4li. D7y 

:y7^7Dy7^5 2-5 ^ (Dfy^m^^7r^Lfz.m%mXh 
6o l^llIIC^tct9l-> DA:^llh7>';^77y-h8 

1 Sr^LTNANOy- h 8 2<D-:^At}\ci^m^tl 

NANDy-h8 2|j:fl6:j^A;^?li:'ry^<-^ 
S7(0mt}^§:\f^ttt\c^ mt}^^y^<-^S5^ 
:/^LT-;^A;^^cjiil$^i:Tv^6„ ^y/^-^8 7(OA 
;^liy-fe5/ hA*Rlcg^$tt5o 

[0 112] NAND^-h 8 2 (Dai;^(j:h 7^:^7 7 
h 8 3 5:^ LX^ y^<-^ 8 4 (7)A;^)lcSigc$*i. 
^ y/^-t? 8 4 (7)ffl;^;65Qtb;^i t LXi^mmti^ti^ 
^irtlc, ^y/<-^8 5^^LTA;^(Cj§il1-5o h 
7>';^77y- h8 KOPMOSy- h&l>*h7y;^7 
7^- h 8 3 <^NMO S Mii5^ p ^/ iJ' A;^C L KIC 
^^^H. h7>7:77^- F 8 1 (7:)NMOSy— hX 
U« N 7 7 7 H 8 3 (7) P MO S y/<- 
^ 8 6 LT ^ D :y A;^l C L K ^ tiS„ 

[0 113] r(OJ:9/^«^(7)D7y '7 7^70 5/ T^ii, 

(y-fe:y hA;^R;^^ "L" ) ^uy^AtiC 
LK(D "L" B#|Ch7>>^77y--h8 1, S 2i!i^:^ 

;^-7t5fc*NAND>5^-H8 2, S5(DjU-'/m 
mii>^iyy^\cDAti(DRmimyy'^^h^o - 

^ny^Xt^CLK<0 "H" ^\z.Yy VT^y 7 
h8 1, 8 2;55;i-7. :ty1-Sfc*S 1 7 ^/f-^T^R^ft 
t^-^y^<-^^A. BbKi,^;v-'f^m^X,^n2y 

[0 114] t**:»t. D7y 5^>^7D5/7^{i, iit^ 
ll^D '7>5^A;^CLK(7) "H" i*,_b;is»9HtlcDA:^;J: 
^mfim^iiyy'ft^o 
[0 115] -15. (y-fe^y hA;^R;65 

"H" ) (i. DK1i\z.m^fl<^ly "H" 
7y1'^ix. j5'n:y^A:^CLK;6S "h" (7)B#(C^2 7 
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[0 1161 <<tcifiii>>'t4b\ mM(DmmiRu^n 
«ffi»9©ia«fraDT9«rft/Mji^raADTt 

[0 1171 ziD^^^ ^m^^m^&}m9i:m^-r lo 

ffi^ 9 *^ P> a;*] ^! ix 5 SIA;/;)*^ C L K O U T 

10 1181 4fc, ^m(omm2{ci5\,^x. mmmsii 
Ktiis^c L K I NO 1 mm^aysi^mmnrmmi:^ 

LTfc-tHfx ;^'f y f-lHliiS 1 6 i n ■;/ ^ tti* ix^PJSIeliiS 
5, ^y/<-^'6 0) t-^mtTt). oy^tt-fni^ 

[0 11 91 t'Sc*:'*), 3 J;5tc, A;^ft#CLK 20 

I NldJ^LT^^- K/-«5'^'{i-^FBCLK(Dfirfg;i5T 

N(0fi:|aia5 (T-TA) iiA/-CV^5i^i/j:-fri: tT# 

loiiij, lMB#fB'!DT9S:JiiP$-ti:S;^(6]T'DLLIa]K 
1 2JCj:5jIjfil^«iSl{^S:^LT, A;^flr^CLKI 
N 1 7 - hv< y ^' (tf-F B C L K i: Srl^^ $ -fr 5 r t 

[0 1 2 01 ny^'ftTixililJ^lilKl 3(4LPF 30 

8(7)/- KN 1 (OSfiiV 1 Sr^^^'ft^i LTn -y^'li 
•fixS*(D%«t$:i|3J»rLfc;i5. &taJt|!£Sg3|c:J;50iffi 
l^JtS^iJSiijIliJirff r t Srtlffi^filJt^f-T 

(0 12 11 *fc. oy^JlTix^iJieiElKl 3(±. feffl 
ittiS 3 1 J: 5ttfflilitffi/T^«sig«ic:ff fcHT I ^ 5 
«r«^ffl L T . CI Jif HS*roW<iSr!pJBf 1 5 J: 5 1^ 

[0 12 21 

[%?f?<7)'^*l Ui±iftB^LfcJ;3»C, Z.(0^miCiHii> 40 
[0 12 31 Lfc!i)5cT. y-fe-y hffi^trgtt^^tetcL 
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^' (i-§- 1 ^ffiffl ^ o ^' ISf - 1 oajil5]M«ia«:tT 9 . 
[01241 * <7)^», 1 

[0 12 5] Sfc, if*92EtWiiiil^«leIiiS©^2 

1 tai^riSQ©® 2 ©*fpI-^©jli4NFra©^ Ki©lr 
/4SSrffitt/#^tt4^)iT-tl*i-5S 2 ©lt«e*S:3l 

(0 12 61 r©fc*. y-fe-7 Hi^!jsgtt<;tii©i:# 

(iH 1 (o:^[S]'-©ajia$rBl©^ii©^/M?lrffitt/^ffi 

mMX'n^^-fi>^ 1 ©jtiifs*©ffitt<^®fflKasgjfe 

©jStti;iffiii#liffi5feW(ctti;^$ttfcffilt<^fi©^ 1 ©It 

imw:\^i:.^x^^2(om.m^ti^um:.^mmM.K 

[0 12 71 *©ife*« y-fey hft^^ffitti^ffilCLT 

(0 1 2 81 at*«3iBe©iijiii«ii5i!Si^fcv^ 

(0 12 9] ttc. is*«4iae©asp«iHiss©iiffl 

(0 1 3 oj -5-©ife*. mmii')xi^m^micti£^-f 

B 1 ©ps^Sji^rBiii^p,^ 1 (Dij\^izmxm^ri\i: 

[0 13 1] ttz. IS*Jl5Ett©iiMl^llfiISgl±. ^ 
+ -v=jH>'7'©ttj>3g6lcSgE^tlS n-/<7. 7 -f/W^'© 

tLTV^5fcfe. fiIf^©y-K©l:&i:RlfS©JtefmE 
[013 2] Sfc. il*Jl6|et©jlSP»(5]SS©fiffi 
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* 11141 imm.^n%mfht94Vymxh 

iia 5 1 'm)idm<mmK^-f9'< % vmxh 

5. 

IE181 %%(n%%\<n'mm'mf?nr7r^-ir>f7 7-ri 



10 13 5] ifc, |g*)S8E«WSjil^^|5]SS|cM^ 
S^^ISr^;^. ^2iOffi#ajil^ra(l"IsEJijg^K®|l 

[0 13 61 Lfc-45oT, y-fes/ Kft^tSttl^lllCL 
(0 13 7] as^So®}iBf^«1Srft/J^jI3i^fB1lc^!]M 

[0 13 81 tS*«9iatE<0ilji(^^lElS&«|^^ 



[lail rro^B^W^liWJl^ffilT-fcSDLLlHlK© 
[0 2 1 %%(r>jm 1 «??fetatt;i5S§w«fi£^^t HIK 
[031 a 2 TvT L fcfi:|atfcfegBWrtg|i#|fi£iSr*1-|sl 



[1391 r©«?g®||JfiOJg|S2-eii>5DLL@!»© 

[E 1 0 1 %%<r)mk 2 © D y ^ tt-ftiipJ^lHlKroi^ 
S|5fll^?Sr^1-|ilKiaT-*)5, 

[Hill n y ^'^i■fi^!W^ll^sro|!lf^^^/^i■^^''f 5 

[la 1 2 1 7^4 yf-HKrortSMSfig^r^l-EIKE-c?*) 

[1131 7.^ :y5^|E]K(0»)f^«r/T^-r^>< ^ y ^ilT 
20 fe^o 

[014] 01 0T'*LfcD7!; 5/7^7 0 5^ T'OrtSS 

[ia 1 5 1 «e5fe(7)D L L[ili^(Dlififc^,T^tiftl^lllT**) 

So 

[1161 la 1 5 <r)6[ttH:|JSIo«/aci&/i^i-@KiaT^ 

[m 1 7 1 la 1 6 \.itmi)m^(n>^%%mc7r- 

181 me (nmimL^(om^^7r^t^ ^ > 



[0 2 0 1 D >!r \vfmM^mm't^t^^(ovyy 

3 fimtiS. 6 CP (^^-'Jr^yzf) . 8 L 

PF (D-/N-;;^7>f/W^') 9 ilSiSft, 11. 12 
DLLHK. 13 n^'^tt-fix^iJ^lHlK. 16 
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[|6tT 0 I sPfifel6^12.3 160 (2004. 12. 16) 



l<timS^\ iRfBa¥ 11-205102 
[■'AmS] ¥^ll¥7fl 30B (1999. 7. 30) 

imm^n-] 4$ ig 710-4979 
imm^n^mm 7 kr] 

H 0 3 K 5/13 

H 0 3 K 5/00 

H 0 3 L 7/00 
( F I 1 

H 0 3 K 5/13 

H 0 3 L 7/00 D 

H 0 3 K 5/00 V 



[tIttiB] ¥fiK 16^1.^ 14 0 (2004. 1. 14) 

i^mmiE 1 1 

[miEMmms * 1 0021 
( 0 0 2 1 J 

y ^ - h'y<y 1? im-F B C LKIiAtlit^C LK I N X t Unt^ M ^ tiib 
, DLLUll^l 0H<4*aSriS*5^r|Bl, -T'itjtjiljgag OiiM^P^ DT95riS'>$-e-5 

<r>i^'p-Qm^ztici.>o-ti^mm^m (dti7 + dt9) = kT ttj'o . A:hm^CL 

K I Ni:7-r-K/<s'^'{t^FBCLKiSrl^«$-a:5;iti4ST't5„ 
[ *tt«jE 2 1 

IMEM^JS i « 1 0 0 4 0 

[It jE-(OrtSl 
[ 0 0 4 0 ] 

tctzL. n-^V -t y hW^RSTi: "H" !fi>-ftetBJt®§g3(4fi:ffi^iiP,-ar 

5:::i:Srli7P-f5r 5':/«-^UP&0t^!}'>'(f-f-DWNSrffl;tl L P F 8 (±^/h)iJiB# 

(MlE^^fe^ S « ] 0 0 4 9 
[ 0 0 4 9 ] 

tiT< Il4(r.^t■f^r^5^>yg(,f^^^^^-|5^^^^5^ f4fflJt$SgB4Dcoy-fes'hA;^RIi" 

L " @ ^ * , as y -fe 5/ h ft ^ R S T " H " , " L •■ tc §a t> T > 7 - K ^< i/ ^' 



(2) 
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(ffilM^^Bi&l 0052 
[ 0 0 5 2 ] 

FBCLK(0^t3±i)i*)mA^<bAt)m^-CLK I H O ± h ±ll>i ^ V ^ t i> Mm 

HBIC "H" W^?''?>{t-^DWN!!IM't-^$ix5Ci1Cj:!?, ry7'{t^UP)5S "H" t tt 
5 M fel (± ^ « W.(c 1? 4 L /j: J; 9 (c: ftij « $ 5 , 

imiEM^mU ^6 1 0 1 1 3 
l«IIE*i!fel 3EH 

[01 13] 

iro-t 9 'ifilfife(^D 7 <J y-fyuy yii, ii^i^ ( y -fe y h A;^ R i6S •' L ) Ji. n y 
A;^ C L " L " ll#tc h 7 7 7 h 8 1 , 82755;*-;', 7 f 5 ft N A N D 

- h 8 2 . 8 5 <n>V-^^m.^ 9 tiij^^tv sm l7->^1CDA;^«Sefit!iS7 3'f^$*L 
. 9 ^ y ^ KfiC \.v^(0 "n" n\zV 7 ^.y r f ~ V z \ , s 2t^7i-y , a- 
t-5fcJ?)»l7.>^OStettdW>/<-i?84. 85lc:j:5/u-y^i^(cj;§^2ys,5^ 

e iH $ n .5 „ 
(¥i^»jE 6 1 

[ffliEM^^ i 1 0 1 1 9 
10 119] 

teffi^ST Aiim:v>5m^»±. 7^-K/<y^<g^ FBCLK (^fetB;iS (T-TA) if ^ 

L-C[*)g|5y-fe.yhft#lRS«r "H" Ic-f^rtfcj;!?, ili!Eltl8jDT9Srii*DS-tir5* 
t6]-r-DLLlEl^l 2\CX^mi&mffiWiY^^%'n\.X . A;^«*CLKINt7^-K/<y 
^{f^FBCLKi:Sr|g^$-ar5:ii:;!|ST't5. 

[¥gS«jE 7 1 

[MjEJt*»«^S 1 EE 

[«]E>pf^ig B i& ] la 1 0 



